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摘  要 
 I
摘  要 
N-甲基二乙醇胺 (MDEA)在使用过程中发生降解作用生成热稳定性盐
(HSS)，HSS 的生成与积累是导致碳钢设备腐蚀加剧的重要原因。本文采用阳极
极化曲线法、Tafel 曲线法、EIS 法等电化学手段，结合 SEM 和 EDS 法等现代表
面分析技术以及挂片实验法，在研究 MDEA 底液浓度、各单一 HSS 阴离子对碳
钢的腐蚀性，溶液温度、配对阳离子对 HSS 溶液腐蚀性影响的基础上，进一步
研究了文献尚未见报道的多组分混合HSS体系对碳钢的腐蚀行为、溶解氧对HSS
溶液腐蚀性的影响以及在含 HSS 的 MDEA 介质中碳钢的腐蚀反应控制过程等问
题。为监测、控制实际生产过程的腐蚀问题提供了理论分析和实验依据。 
本论文分为 5 章： 
第 1 章：对醇胺法脱除酸性气体的情况进行概述，指出 MDEA 具有的优良
性能；但由于 MDEA 的降解，HSS 的生成，设备的腐蚀加剧。对已有关于醇胺
介质对碳钢的腐蚀性研究进行评述；阐述本文用到的阳极极化曲线、Tafel 曲线、
电化学阻抗谱以及失重法的基本原理；然后提出本文的技术路线和创新意义。 
第 2 章：应用阳极极化曲线法、EIS 法及挂片法就 MDEA 浓度对碳钢的腐
蚀性的影响规律进行研究，结果表明：MDEA 浓度变化对碳钢的腐蚀性的影响
规律因溶液中 HSS 的含量不同而异。 
（1）在 MDEA 底液及含少量 HSS（3000 mg/L CH3COOH）的各浓度 MDEA 试
液中，随着 MDEA 浓度的上升溶液对碳钢的腐蚀性呈先上升后下降的趋势，腐
蚀性极大值出现在 MDEA 溶液浓度为 30%处。 
（2）在 HSS 含量高的溶液（含 HSS 阴离子总浓度为 13500 mg/L 的 HSS 模拟溶
液）中，随着 MDEA 浓度的上升溶液的腐蚀性单调下降。 
第 3 章：采用阳极极化曲线法和 EIS 法来评价不同 HSS 阴离子对碳钢的腐
蚀性。采用阳极极化曲线法、EIS 法研究各单一 HSS 阴离子的配对阳离子
（MDEAH+和 Na+）对溶液腐蚀性的影响，同时采用 EIS 法以及挂片法研究多组
分 HSS 阴离子混合体系中配对阳离子（MDEAH+和 Na+）对溶液腐蚀性的影响。
结果表明： 


















（3）配对阳离子为 Na+（对束缚胺采取加碱中和的处理方法）时溶液的 pH 值较
高，有利于碳钢的钝化，在一定程度上可降低溶液的腐蚀性。 
第 4 章：以含有多种混合 HSS 的 MDEA 体系为研究介质，采用 Tafel 曲线
法、阳极极化曲线法、挂片法、SEM、EDS 和 EIS 法等多种手段探索碳钢在其
中的腐蚀发展过程和腐蚀速率控制步骤。结果表明： 





































Methyldiethanolamine (MDEA) is one of the most important alkanolamine used 
in acid gas treating process. MDEA degradation causes the formation of heat-stable 
salts (HSS), which will lead to corrosion of equipment. In the present work, the 
corrosion behavior of carbon steel in MDEA solutions with HSS was investigated by 
electrochemical method, such as anodic polarization curve, Tafel curve and 
electrochemical impedance spectroscopy (EIS). Moreover, modern surface analytical 
techniques, like scanning electron microscopy (SEM) and energy dispersion 
spectrometry (EDS) were also used. Several factors including MDEA concentration, 
HSS anion, HSS cation, HSS concentration, liquid temperature and dissolved oxygen 
were studied. The rate-determining step of carbon steel eroded in MDEA solution 
containing HSS was investigated too. The present work will offer theoretic analysis 
and experimental date for corrosion control in amine system.  
There are five parts in the dissertation: 
 
In chapter 1, firstly, the alkanolamine used in acid gas treating process was 
summarized and the excellent character of MDEA was pointed out. Secondly, the 
equipment will be eroded seriously as the, degradation of MDEA and the formation of 
HSS. Thirdly, the principles of anodic polarization curve, Tafel curve, EIS and static 
weight loss test were explained. Lastly, the design and the innovation of the 
dissertation were introduced. 
 
In chapter 2, the effect of MDEA concentration on corrosivity was investigated 
by anodic polarization curve, electrochemical impedance spectroscopy and static 
weight loss test. It was showed that the trend of corrosion rate of carbon steel in 
various concentration of MDEA was relied on the quantity of HSS.  
(1) In the blank solutions or MDEA solution containing small quantity of HSS, the 















MDEA increased. The maximum corrosive solution was 30 mass% MDEA. 
(2) In the simulated solutions containing a large amount of HSS, the corrosion rate 
was decreased monotonously with an increase in MDEA concentration. 
 
In chapter 3, the effect of HSS species and concentration on corrosivity was 
investigated by anodic polarization curve, electrochemical impedance spectroscopy 
and static weight loss test. It was indicated that: 
(1) The pitting crrosion will occur in MDEA solutions containing chloride ions at 
normal temperature. The corrosive ability of the solution enhanced as the 
concentration of the chloride increased.  
(2) The formate, acetate, propionate, sulfate and oxalate anion showed weak corrosive 
ability, their corrosive ability would enhance slightly when their concentration 
increased. 
(3) Neutralizing MDEAH+ with caustic (which converts the amine salt to free amine 
along with the sodium salt that stays in solution) could increase the pH value of the 
solution, it was benefit for the passivation of carbon steel, and then the corrosivity of 
the solution was decreased.  
 
In chapter 4, 30 mass% MDEA solution containing seven kinds of HSS anions 
were prepared. The corrosion process and the rate-determining step of carbon steel in 
the solution were investigated by anodic polarization curve, Tafel curve, EIS, SEM, 
EDS and static weight loss test. It was indicated that: 
(1) The corrosion rate of carbon steel in HSS simulated solution was doubles higher 
than that in the solution without HSS since their lower pH value and a large amount of 
HSS anions. Carbon steel might result in pitting corrosion in HSS simulated solutions 
containing small quantity of chloride ions. 
(2) The rates of cathodic reduction and anodic dissolution were both determined by 
both electrochemical reaction and diffusion process in 30 mass% MDEA solution. As 
in HSS simulated solution, the rate of cathodic reduction retained unchanged, the 















(3) As anodic polarization potential was increased, the EIS of carbon steel in HSS 
simulated solution showed characteristics of inductive shrinkage, negative impedance 
and Warburg-response, which implied pitting corrosion, transition from active state to 
passive state and passive state, respectively. 
 
In chapter 5, 30 mass% MDEA solution containing seven kinds of HSS anions 
were prepared. The effects of dissolved oxygen and liquid temperature on the 
corrosion behavior of carbon steel were investigated by EIS, Tafel curve and SEM. It 
was indicated that:  
(1) The corrosion rate of carbon steel in solution containing dissolved oxygen was 
higher than that in solution removed of dissolved oxygen before cathodic activation. 
They were reversed after cathodic activation. 
(2) The formation of passive film was hindered in HSS simulated solution due to its 
lower pH value and quantities of HSS anions. 
(3) The general corrosion rate was increased as well as the macro pitting corrosion 
was inhibited at high temperature. 
 
Keywords: heat-stable salts；methyldiethanolamine；carbon steel；corrosion；anodic 
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第 1 章    绪论 
 1
  
第 1 章  绪论 
1.1 醇胺法概述 








2-氨基-2 甲基-1-丙醇 1,8-对薄荷烷二胺 2-哌啶乙醇 
2-amino-2-methyl-1-propanol 1,8-p-menthanediamine 2-piperidine ethanol 





乙醇胺 monoethanolamine MEA H2N-CH2CH2OH 
二乙醇胺 diethanolamine DEA HN=( CH2CH2OH)2 
N-甲基二乙醇胺 methyldiethanolamine MDEA CH3-N=( CH2CH2OH)2 
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